Abstract. Beautifully preserved dinoflagellate cysts continue to be discovered in UK Cretaceous chalks and provide important new biostratigraphic information. Five new species -Conosphaeridium norfolkense sp. nov., Glaphyrocysta coniacia sp. nov., Impletosphaeridium banterwickense sp. nov., Sentusidinium devonense sp. nov., Sentusidinium spinosum sp. nov. and the new subspecies Spiniferites ramosus subsp. ginakrogiae subsp. nov. -are described from Upper Cretaceous strata of the British Geological Survey (BGS) Banterwick Barn and Trunch boreholes (onshore UK). An emended diagnosis for Odontochitina diducta Pearce is also provided to broaden the morphological variability in the type material.
Introduction
Cretaceous chalks from onshore UK boreholes have recently yielded beautifully preserved dinoflagellate cysts (Prince et al., 1999 (Prince et al., , 2008 Pearce et al., 2003 Pearce et al., , 2011 Pearce, 2010 ) but many undescribed forms continue to be found. The sample material is exceptional in its δ 13 C chemostratigraphic correlation to outcrop sections with macrobiostratigraphic age control (see Jarvis et al., 2006) . This paper describes five new species and one new subspecies from the British Geological Survey (BGS) Banterwick Barn (Berkshire; northern AngloParis Basin) and BGS Trunch borehole (Norfolk, southern North Sea Basin; Fig. 1 ).
Materials and methods
The Banterwick Barn borehole (Berkshire; UK national grid reference SU 5134 7750; 51 • 29 39 N, 1 • 15 43 W) was cored in 1996 by the BGS as part of a Chalk aquifer study yielding ∼ 97 m of Upper and Middle Chalk. Jarvis et al. (2006) used δ 13 C isotope stratigraphy to determine an age range of Lower Turonian to Middle Coniacian. Pearce et al. (2003) demonstrated a significant attenuation/unconformity spanning much of the Middle and Upper Turonian. The Trunch borehole (Norfolk; UK national grid reference TG 2933 3455; 52 • 51 34 N, 01 • 24 19 E), was continuously cored in 1975 by the BGS (then the Institute of Geological Sciences) to sample the Chalk at its most complete development in Britain. The 10 in. (25.4 cm) diameter core recovered a thick Quaternary cover and 468 m of Cenomanian-lower Maastrichtian Chalk (Wood et al., 1994) , including 246 m of Campanian strata. The chalk samples from the borehole were taken from composite bags of 10 cm intervals, no cut round of core was preserved. Palynological processing techniques follow that of Pearce et al. (2003) . All slides are lodged at the British Geological Survey, Kingsley Dunham Centre, Keyworth, Nottingham, UK. England Finder (EF) coordinates are provided for type and reference specimens. Please note that the slide label must be placed on the right-hand side. Type. Odontochitina operculata (Wetzel, 1933) Deflandre and Cookson, 1955. Odontochitina diducta Pearce, 2010 emend. nov. (Pl. 1, figs. 1-3) 1967 Odontochitina costata Alberti, 1961; Clarke and Verdier: pl. 13, fig. 4 only. 1968 Odontochitina sp. Cookson and Eisenack: 112, pl. 2, fig. D. 1991 Odontochitina operculata (Wetzel, 1933) Deflandre and Cookson, 1955; Heine: pl. 27, fig. 15. 1992 Odontochitina sp. Costa and Davey: pl. 3.13, fig. 5. 1997 Odontochitina operculata (Wetzel, 1933) Deflandre and Cookson, 1955; Roncaglia and Corradini: pl. 2, fig. 5 .
Emended diagnosis.
A cornucavate to hypocavate species of Odontochitina with a widely divergent antapical and lateral horn separated by an angle equal to or greater than 80 • .
Emended description. Large ceratioid, cavate dinoflagellate cyst with one apical, antapical and lateral horn of comparable length. The wall is two-layered, comprising a smooth endophragm and smooth, incompletely and faintly striate or distally perforate (although this may be due to corrosion) periphragm. The periphragm and endophragm are appressed in the precingular region with the lateral and antapical horns being either cornucavate or connected by a hypocavation. The endocyst is sub-spherical, lacking obvious projections into the pericoel. The antapical and lateral horns are separated by an angle of greater than 80 • .
The paracingulum may be indicated by faint ridges on the periphragm. The archaeopyle is apical Type (tA) and the operculum is detached.
Remarks. In the original description of O. diducta, Pearce (2010:62) described the species as having "a welldeveloped cavation connecting the lateral and antapical horns". However, this feature seems to be gradational to specimens from the same material that are cornucavate, and the diagnosis and description are emended here to account for this fact. The specimens referred to as Odontochitina sp. by Cookson and Eisenack (1968) and Costa and Davey (1992) are thus now considered synonymous with O. diducta.
Suborder Gonyaulacineae (autonym).
Family Areoligeraceae Evitt, 1963. Genus Glaphyrocysta Stover and Evitt, 1978. Type. Glaphyrocysta retiintexta (Cookson, 1965) Stover and Evitt, 1978. Glaphyrocysta coniacia sp. nov. Stratigraphic range. Upper Chalk Formation, Broadstairs Chalk Member, Micraster coranguinum Zone (Middle Coniacian), above the White Fall Event in the Banterwick Barn borehole to an unconfirmed upper limit (Fig. 2) .
Comparison. The closest species to Glaphyrocysta coniacia sp. nov. are G. exuberans (Deflandre and Cookson, 1955 ex Eaton, 1976) Evitt, 1978, G. intricata (Eaton, 1971) Stover and Evitt, 1978 and G. texta (Bujak, 1976 ) Stover and Evitt, 1978 . Despite being described from the Palaeogene and therefore being significantly younger, Glaphyrocysta exuberans differs with processes that ramify elaborately halfway along their length, while G. intricata and G. texta show much less variability in process width. Glaphyrocysta intricata also differs in having processes that bifurcate distally to a variable length and width.
Family Gonyaulacaceae Lindemann, 1928. Subfamily Gonyaulacoideae (autonym). Description. Large, spiniferate, chorate dinoflagellate cyst with a sub-spherical central body. The wall is twolayered with a thick (∼ 2 µm) and smooth endophragm and a thin (∼ 0.5 µm) periphragm, the latter of which develops solid processes. Distally trifurcating gonal and bifurcating intergonal processes (on the boundaries between the larger precingular, cingular and postcingular plates) are typically less than one-third the central body diameter, with the furcation occurring from 50 % (on shorter processes) to 25 % (on longer processes) from the distal end. Narrow sutural crests line the processes, often to the distal extremity, occasionally rendering the bi-and trifurcations relatively wide, and define a clear standard gonyaulacacean tabulation. The cingulum is weakly laevorotatory, typically by one cingulum width; the parasulcus lacks clearly developed sutures. The archaeopyle is precingular, Type P 3 , operculum detached. Stratigraphic range. Only observed from the sample containing the holotype, between the Beeding and Light Point events (Fig. 2) .
Comparison. Both Conosphaeridium abbreviatum Wilson, 1984 and C. striatoconum (Deflandre and Cookson, 1955) Cookson and Eisenack, 1969 differ by possessing strong ribs on the processes; the former also has a much larger central body size (holotype body diameter 95 × 81 µm). Brideaux and McIntyre (1975, pl. 7, figs. 17-18) Description. A medium-sized proximate dinoflagellate cyst with a sub-rounded body. The wall is composed of a finely granular autophragm that possesses short (∼ 2 µm), evenly distributed and apparently solid, simple flexuous spines with acuminate tips. No expression of the cingulum or sulcus is present. The archaeopyle is apical, Type tA, with a zig-zag margin and clear accessory sutures. The operculum may be attached but more usually detached.
Dimensions. Holotype, central body w/ l (excluding operculum) = 66 × 43 µm, maximum process length 2 µm; paratype 1, central body w/ l (excluding operculum) = 65 × 48 µm, maximum process length 2 µm; paratype 2, central body w/ l = 68 × 50 µm, maximum process length 2 µm; paratype 3, central body w/ l = 60 × 50 µm, maximum process length 3 µm. Range, central body w/ l (excluding operculum) = 40(61)76 × 40(48)60 µm, maximum process length = 2(2)3 µm. Seventeen specimens measured.
Stratigraphic range. Middle Chalk Formation, Holywell Chalk Member, Mytiloides labiatus/Terebratulina lata boundary (Middle Turonian; between the Lulworth and Round Down events in the Banterwick Barn borehole) to the Burnham-Flamborough Chalk Formation (undifferentiated), Micraster cortestudinarium Zone (Lower Coniacian; between the Navigation and Beeding events in the Trunch borehole; Fig. 2 ).
Remarks. FitzPatrick (1995) described the informal species Canningia sp. B from the Turonian of Southern England. She considered the generic attribution based on the subspherical outline, non-tabular spinose ornament and apical archaeopyle; however, she also mentioned the lack of an offset sulcal notch. These observations suggest that the species is not an areoligeracean, and that it has a greater affinity with Sentusidinium, and it is here considered synonymous with S. devonense sp. nov.
Comparison. For such a simple genus of dinoflagellate cyst, there are a number of comparable species, but which all differ in the shape of the central body and/or the morphology of the processes. Sentusidinium aptiense (Burger, 1980a ) Burger, 1980b possesses hollow tubular spines and S. capillatum (Davey, 1975) Lentin and Williams, 1981 , S. echinatum (Gitmez and Sarjeant, 1972 ) Sarjeant and Stover, 1978 and S? millepiedii (Jain and Millepied, 1975 ) Islam, 1993 Sarjeant and Stover, 1978 has a denser cover of short processes with variable tips that are also variable in S. rioultii Sarjeant, 1968 , S. sahii (Khanna and Singh, 1981 ) Wood et al., 2016 , S. sparsibarbatum Erkmen and Sarjeant, 1980 and S. villersense (Sarjeant, 1968 ) Sarjeant and Stover, 1978 . Sentusidinium separatum (McIntyre and Brideaux, 1980 Lentin and Williams, 1981 has bifid and branched process tips. (Fig. 2) .
Comparison. Sentusidinium aptiense (Burger, 1980a) Burger, 1980b also possesses hollow spines but which differ from S. spinosum sp. nov. in their relatively shorter length of 3-4 µm. These species also have mutually exclusive ranges, being Callovian to Aptian for S. aptiense (Wood et al., 2015) and Turonian for S. spinosum sp. nov. Sentusidinium densicomatum (Maier, 1959 ) Sarjeant, 1983 differs in possessing more densely distributed hair-like projections. The processes are also much more numerous on S. pilosum (Ehrenberg, 1854) Sarjeant and Stover, 1978 and which also have variable tips. Spine length is comparable on S. sahii (Khanna and Singh, 1981) Wood et al., 2016 and S. seperatum (McIntyre and Brideaux, 1980) Lentin and Williams, 1981 Description. A small chorate dinoflagellate cyst with a sub-rounded body. The wall is composed of a finely granular autophragm from which arises evenly distributed, nontabular solid spines, which terminate in a short bifurcation. No expression of the cingulum or sulcus is present. The archaeopyle is apical, Type tA, with a zig-zag margin and accessory sutures. The operculum may be attached but more usually detached. (Fig. 2) .
Comparison. Impletosphaeridium furcillatum (Prössl, 1990 ex Prössl, 1992 Williams et al., 1998 I. ligospinosum (de Coninck, 1969 ) Islam, 1983 differs in possessing bifurcations of unequal length. In I. varispinosum ) Islam, 1993 , the spines are more numerous and differ in being occasionally simple but more frequently bifurcate, clavate or "hammer-headed". The only similar species of comparable age is I. williamsii (Boltenhagen, 1977 ) Islam, 1993 ; although it possesses acuminate to bifurcate processes, many of the latter style more closely resemble flared process endings than bifurcating spines. Species of Downiesphaeridium differ in possessing hollow (and distally closed) processes, the closest species of which is D. aciculare (Davey, 1969 ) Islam, 1993 , which differs further by possessing wider (although relatively thin), bladelike processes. According to Davey (1969) , the processes of Downiesphaeridium aciculare are always pointed distally and occasionally bear small subsidiary spines near their extremities. In I. banterwickense sp. nov., the subsidiary spines occur at the extremity and are significantly longer.
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